The ventral surface of the medulla has been shown in many experiments to be the site of the central chemosensitive area. Three separate areas concerning the central chemosensitive mechanism, the 'Rostral (M)', `Intermediate (S)' and `Caudal (L)' areas , have been described (Mitchell et al. 1963 ; Schldfke et al. 1969; Loeschcke et al. 1970; Loeschcke 1982) . However, there is still uncertainty about both the actual location and the effective stimulus of the chemosensitive elements, as shown in recent reviews (Millhorn and Eldridge 1986; Bruce and Cherniack 1987) . Furthermore, the arterial blood supply to the central chemo receptor has not been studied, although the vascularity of the medulla in cats and rats was described in detail by Cragg et al. (1977) .
The phrenic nerve activities were augmented by the hypercapnic blood injection into the vertebral artery Natsui 1985, 1987) . In the present study, we investigated whether or not this stimulating effect on the respiration disappeared upon the occlusion of a particular artery in the ventral surface of the medulla. The results could not show the precise location of the chemoreceptor for respiration, but suggested that at least a part of the central chemosensitive structures was located in the perfused area of the anterior inferior cerebellar artery. Some of the results reported herein have been presented in a preliminary report (Kuwana and Natsui 1985 Occlusion of the artery in the ventral surface of the medulla
The arteries in the ventral surface of the medulla were isolated from the pia-arachnoid . Plastic casts of the cerebral arterial system
In four cats, corrosion casts of arterial vasculature in the head region were prepared with polymerising methylmethacrylate (Technovit, type 7143, Kulzer, FRG). We followed the procedure described by Tompsett and Wyke (1969) . In short, the thorax was opened and a catheter was tied into the ascending aorta for perfusion of the arteries with saline and subsequent injection of resin. After the animals were killed with an overdose of pentobar bital, injection was performed by means of a hydrostatic pressure apparatus that maintained a perfusion pressure of about 100 mmHg. After injection, the whole animal was left at room temperature for 12 hr. The head was then severed and put in a 20% KOH solution at room temperature after removal of the skin. The maceration was completed by alternat ing daily changes of fresh KOH with running tap water for at least one week. In two cats, the skull was exposed without the maceration and the cast attached brain tissue was obtained.
RESULTS

Cerebral arterial system
The plastic casts show that the blood of the brain was supplied primarily by carotid and vertebral arteries (Fig. IA) . In the brain stem (Fig. 1B) , the verte bral artery unites at about the level of the rootlet of the ? nerve with the vertebral artery of the opposite side to form the basilar artery. Just before their union the two vertebral arteries each give off a branch, posterior inferior cerebellar arteries (PICA), which pass rostrolaterally.
The basilar artery -passes along the ventral middle line of the medulla and pons and gives many small branches to them. A large branch, the anterior inferior cerebellar artery (AICA), passes on each side to the cerebellum.
However, the ramifying patterns differed from one another.
Therefore, we identified the largest branches from the vertebral artery with PICA and the basilar artery with AICA. The plastic casts reveal anas tomoses between pial vessels in the cerebral arterial system. The anastomoses were observed even between comparatively large vessels in the ventral surface of the medulla, indicated by arrows in Fig. 1B . The patterns of these anastomoses also differed from one another.
Hypercapnic blood injection into the vertebral and external carotid artery
For separation between the territories of the vertebral and carotid arteries, the basilar artery was ligated at the boundary level between the medulla and pons. During ligation, the vertebral arteries may exclusively supply the blood to the medulla and the internal maxillary arteries may exclusively supply the blood to the higher brain stem and prosencephalon through the circle of Willis. Under this condition, hypercapnic blood was injected into the vertebral artery or the Fig. 2 illustrates the typical pattern of phrenic nerve response observed in 11 cats. When the hypercapnic blood was injected into the vertebral artery, the phrenic nerve activity increased (VA injection response). However, the phrenic nerve activity did not change or even decreased slightly by injection of the internal maxillary artery in spite of a longer duration of injection than that into the vertebral artery. This result suggested that the vertebrobasilar system supplies the blood to the central chemoreceptor for respiration and that this receptor is located in the medulla.
Vertebral injection during occlusion of arteries in the ventral surface of the medulla
For testing the location of the central chemoreceptor in the medulla, the VA injection response was examined during the occlusion of the large branch from the vertebral artery and the basilar artery in 29 cats. The occlusion was performed in the vessel portion as closely as possible to the ramifying point. The VA injection responses during occlusion of the arteries in the ventral surface of the medulla were classified into three groups. First, the VA injection response disappeared by the bilateral occlusion of the AICA but not by that of the PICA (Fig. 3A) . This type of response was obtained from 8 cats, indicating that the central chemoreceptor in these cats was mainly located in the perfused area of the AICA. Secondly, the VA injection response did not disappear with the occlusion of the AICA alone. However, during the simultaneous occlusion of the AICA and PICA, the response disappeared (Fig.  3B ). This type of response was obtained from 9 cats. Thirdly, in spite of the occlusion of both the AICA and PICA, the phrenic nerve activity increased with the injection. In these cats, the VA injection response decreased markedly by adding the occlusion of several small branches from the basilar artery in the ventral surface of the medulla (Fig, 3C ). This type of response was obtained from 11 cats. The results from the second and third groups showed that the central chemoreceptors were not only located in the perfused area of the AICA but also of the other arteries.
The disappearance of the VA injection response by the occlusion of PICA was observed in only one cat.
DISCUSSION
The results of the present study showed that the occlusion of the AICA caused diminished VA injection responses in most of the cats. Thus, at least a part of the central chemoreceptors in the respiratory control system can be assumed to be located in the perfused area of the AICA.
The present result that the central chemoreceptors were exclusively perfused by the blood of the vertebral artery is in agreement with that of Hanson et al. (1982) . They injected CO, saturated saline into either the vertebral or the internal maxillary artery in anesthetized cats and showed that the excitation of the central chemoreceptor was produced by the vertebral artery injection. Furthermore, Wellens et al. (1975) have reported that, with the radioactive microsphere method, the medulla was predominantly perfused via the vertebral artery. Thus, there is no doubt that the central chemoreceptor for respiration located in the medulla.
The present study shows that the AICA did not perfuse the whole chemosensitive structures located in the medulla. From this, at least two possibilities are raised regarding the location of the central chemosensitive structures. First several such structures may be located separately in the medulla and may be perfused by respective arteries. Secondly, one chemoreceptor may be perfused by several arteries.
The first possibility has been proposed by Mitchell et al. (1963) and Loeschcke et al. (1970) . They demonstrated that there were two separate chemosensitive areas in the ventral surface of the medulla, the 'Rostral (M)' and `Caudal (L)' areas. Plastic casts show that the AICA and PICA pass through the vicinity of the rostral chemosensitive area and the vicinity of the caudal chemosensitive area, respectively.
It stands to reason that if these chemosensitive areas were perfused by these arteries, their occlusion would produce a significant effect on central chemosensitivity.
Indeed, loss of chemosensitivity during occlusion of AICA and PICA was seen in 9 cats. However, other quite different results could not be explained on the basis of the two separate chemosensitive areas.
The second possibility arose from anatomical studies. The plastic cast shows that the ramifying patterns of the medullaly artery are different from one another, and that anastomoses are seen even betwen large vessels. Extensive anastomosis in the brain circulation has been described by Heistad and Kontos (1983) . For this reason, the blood flow to an area would not be ceased completely by the occlusion of one vessel, although the flow might be reduced. Therefore, even if the main blood supply to the chemoreceptors, probably through the AICA, is stopped, it can be inferred that the chemoreceptor would be perfused by the PICA and/or basilar artery via anastomosis.
Both possibilities seem, in fact, to contribute to our findings ; that is, either the complexity of the central chemosensitive structures or that of cerebral vascular system may explain our results. Further investigation, perhaps by some different approach, may be required in order to determine the actual location of the central chemoreceptor(s) for respiration.
